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Cell types, pheigocytosis, and clotting of the coelomic fluid of
this fresh water crayfish were studied. Microscopic observations re¬
vealed the existence of three distinct kinds of cells in coelomic fluid
of this organism.
One-half hour after injection of India ink into the coelomic cavity,
small amounts of ink particles appeared in the refractile granular amoe-
bocytes.
Vital staining with safranin gave a negative result. Fuchsin
stained the thigmocytes. Methylene blue stained all cell types. Neutral
red stained the thigmocytes, but gave a negative result to the leucocytes
and amoebocytes.
Salts of the same concentration were used. Potassium and calcium
chloride noticeably decreased the time required for clotting and formalin
retarded clotting indefinitely.
Clotting apparently involved both the cellular elements and the
plasma. The origin of fibrin seems to have been a function of the
thlgmocytes and amoebocTtes, however» all cell types were Involved in
the process of coagulation. All cell types underwent cytoljsis, and
the end-point of clotting was reached at an average time of 120 seconds
after the fluid was removed from the body cavity.
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CHAPTER I
INTRODHCTION
The blood of an animal plays a vital role in the maintenance of
life of the tissues and cells ly supplying them with food, oxygen, and
other essentials, and by removing metabolic by-products. It is vital
that the blood remains fluid and circulates freely; furthermore, it is
important that large amounts of it not be lost from the body by hem¬
orrhage as a result of traumatie injuzy. In most animals, therefore,
a mechanism has been evolved idilch prevents the loss of large amounts
of blood, provided the injury is not too gross. In general, at least
three separate hemostatic mechanisms contribute to the coagulation of
blood; (l) tonic constriction of walls of the damaged blood vessels,
tissues, and muscles, and (2) agglutination of the cellular elements
of the blood, (3) polymerization of certain blood plasma proteins.
Some lower animals use only the tonic constriction of ■Uie body
wall as a means of closing a wound. Ihe only hemostatic mechanism
shown by the honeybee is the constriction of the walls of the autot-
omized region; the blood of the honeybee lacks the abllily to form a
blood clot. Other animals use both tonic ccmstriction of the walls of
the damaged blood vessels and cellular agglutination to prevent loss
of blood, idille many animals use all three methods.
The objectives of this study are: (I) to learn more about the cell
types found in crustacean blood, (2) to learn idiich of the cell types
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are responsible for or contribute to the clotting reaction, and (3) to
learn whether coagulation occurs by one, two, or all three of the
possible mechanisms.
CHAPTER H
REVIEW OF UTERATORE
The blood of crustaceans has long been of Interest to zoologists*
and many observations on cell lypes and the coagulation functions are
to be found in the early literature. Glavand (19^8) cited numerous
studies prior to l893t & dozen or more between this date and 1920, but
only a few thereafter. However, there has been a comparatively large
number of studies pertinent to this subject done with the Eohinoidea.
In studying the body fluids among crustaceans, Geddes (1880) re¬
ported two markedly different kinds of corpuscles in the shore-crab, the
coarse and fine granular types. The former are very elongated when
freshly drawn, but rapidly become oat or egg-shaped, and extend pseudo¬
podia from any part of their surface.
The fine granular type sends out filamentous pseudopodia and it
alone possesses the power of union with other cells. Halliburton (1885)
described pale cells with amoeboid movement and long processes, in addition
to some containing a yellowish-red pigment in several decapod crustaceans.
An early exhaustive investigation by Hardy (1892) of fresh water crayfish
(Astacus) entailed the finding of a number of extremely large refractive
granules or s|dierules in the cytoplasm. In addition, he found a number
of large, distinct, rounded nuclei which floated freely in the idnsma. The
latter elements belonged to blood cells markedly distinct from the spherule-
bearing corpuscles, and characterized by extreme sensitivity to certain
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stimoU that any contact vlth certain foreign bodies, such as glass,
caused an explosive disruption of their protoplasm. These cells, Hardy
called "explosive corpuscles." A later investigation by George and
Nichols (1948) resulted in the finding of two distinct classes of cells:
(l) refractile, and (2) hyaline. The hyaline cells were subdivided into
four types: a) hyaline lymphoid, b) semi-hyaline and c) two types with
refracting granules.
Ihte lymphoid cells are few in number, small and globular or spindle
shaped with a small amount of cytoplasm investing a relatively large,
spherical or indented nucleolate nucleus similar to that found in the
lymphoblasts or hemocytoblasts of vertebrate blood. Some also have the
appearance of monocytes of vertebrates.
The colorless, semi-hyaline, thigmotactic amoebocytes vary in size,
and have few, or sometimes many, fine granules in the cytoplasm. The
granules of these cells are intermediate in size between the fine granules
seen in the colorless semi-hyaline thigmocytes and the cells with coarse,
refractile grantiles, idiich are believed to be different types of cells.
Talt (1911 )> in his observations of the blood cells of the crayfish,
Astacus fluviatilis. reported the finding of three types of cells: (1)
the explosive corpuscles, (2) the thigmocytes and (3) the amoebocytes.
T3ie amoebocytes contained a granular cytoplasm, pro;}ected pseudopodia
and migrated from place to place.
Bookhout and Greenburg (1940) described six types of cells in the
Echinoid, Msllita quinqulesperforata; four types of amoebocytes and two
types of leucocytes; one of the latter had large hyaline ectoplasmic
lobes and a small central granular endoplasmic portion; the second type
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v&s spherical and was composed of many vesicular compartments, but lacked
visible pseudopodia.
The Ingestion of Ink particles, according to Hardy (1892), took
place when the explosive cells became modified producing blebs. He
observed that In no case was there any detection of Ink particles In
the Interior of eoslnophlle cells. He concluded his study by making
the following statement; “We thus have the remarkalcd.e fact the power of
Ingesting solid particles of the nature of India Ink appears to reside
only In one of the two kinds of cells normally found In the blood of
Astacus."
Ihe Investigation by Talt (1911) of phagocytosis In the haemocoels
of crayfish, indicated that the power of Ingesting particles was almost
limited to the thlgmoposltive cells. The amoebocytes were much less
phagocytic and the explosive cells were not at all involved In the pro¬
cess.
Bookhout and Greenburg (19^) reported, after the injection of car¬
mine Into the perivisceral cavity of Melllta. small amounts of carmine
particles appeared in the amoebopytes with brown particles In tvo types
of leucocytes. observing the circulating blood of Caorellas mounted
under oil immersion objective, brown pigment granules in the vacuoles
of relatively hyaline thigmotactlc amoebocytes were detected.
Observations made by Geddss (1880) demonstrated that clotting in
Pagurus was due entirely to the union of the fine granular corpuscles,
ihlch almost instantly run into small heaps, these into larger, and larger
ones, and so on until Ihere is a vast amoeboid mass. He also concluded
that the clot idiich appeared in any invertebrate corpuscular fluid was
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formed always partly, and sometimes wholly, by the fusion of the finely
granular amoeboid corpuscles*
Halliburton (1885) reported his observation of the haemolymph of
the more common decapod crustaceans; the fresh water crayfish, Astacus
and the sea crayfish, Nenhrops norwegicus. He concluded
that clotting of the body fluids of these organisms was due to the
formation of a substance almost identical to fibrin of vertebrate
blood, flpd that this formation was due to the fermentation of a protein
fibrinogenous substance which existed in the blood plasma.
He further concluded that the ferment was derived from the amoeboid
corpuscles of the blood. The process was a continuous one idiich occurred
first around the cells, and most rapidly in their neighborhood. Hardy
(1892) concluded that the cause of clotting in the fresh water crayfish
was due to the liberation of a substance which was ttie special product
of the explosive cells.
Along this same line of investigation, Loeb (1903) considered
clotting as being comprised of two stages in arthropod's body flvdds;
first, an agglutination of the body cells, and secondly, the agglutination
of the cell's protoplasm, forming a gelatinous mass and consequently the
formation of fibrils. He detected coagulation of a fibrinogenous sub>
stance present in the fluid.
The results of Tait's investigation (1911) of species of two orders
of crustaceans (Xsopoda and Decapoda) Indicated three modes of blood
coagulation as follow: (I) a simple agglutination of blood corpuscles
without any subsequent clotting of the plasma; (2) the agglutination of
blood corpuscles foUoxred ly a general jellying of the plasma; (3) the
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Jellying of the plasma in two successive stages whereby the first
plasma coagulation consisted of localized clots, which occurred around
or in the immediate areas of special blood corpuscles. The second
Jellying process which occurred involved the whole of the remaining
plasma. Li this particular mode of clotting of the blood, cellular
agglutination was thought to be relatively insignificant.
Booldiout and Greenburg (19^), investigating the perivisceral fluid
in Mellita guinguiesperforata, concluded that no fibrin or gelatin of
plasma was observed in the fluid. Thus, clotting in this species in¬
volved the cellular elements alone and they agreed that all types were
involved.
Glavand (19^) reported his findings as a result of his investi¬
gations of several Crustacea, including the lobster. Clotting of the
body fluid of these organisms was due mainly to the presence of free
calcium ions, and the process consisted of only one phase. He concluded
further that only one enzyme was acting in the coagulation of lobster
blood, which had no Influence on the coagulation of vertebrate blood.
George and Nichols (19^) pointed out in a later investigation that
clotting in Callineetes sapidus involved the formation of fibrin and
the orachanism was unknown.
Investigation of the perivisceral fluid of tiixe sand dollar,
Echinaraehnius parraa by Davidson (1953) revealed clotting to take place
exclusively between the cellular elements, and he concluded that no
clotting of the extracelliilar fluid was involved.
Boolootian and Giese (1959) reported the finding of three distinct
types of clots in the coelondc fluid of echinoderms; (1) a cellular
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agglutination in 'uhlch the cells maintained their identity even during
agglutination and later separated from one another; (2) a cellular
agglutination in which the cells gradually lost their identity and fused
with one ano-Uier* forming idiat was called a plasmodial clot; and (3)
cellular agglutination along with the development of a mesh-work of
fibers in which all types of cells were trapped. In all three clotting
types a tissue factor was required in order for the process to take place.
CHAPm HI
MATERIAL AND METHODS
Aniznals of the genus Cambarus used in “Uiis study vere obtained
from the Carolina Biological Supply Company, Burlington, North Carolina.
The animals were kept in a stock aquarium containing frequently-changed
pond water at a temperature between 14 and 16*^C. They were fed twice
weekly with fish and Elodea.
To determine the types of cells present, an 18 gauge, stainless
steel needle attached to a hypodermic syringe, both of which had been
siliconized, was inserted into the first segment of the abdominal cavity
in the region of the pericardial sinus. A drop of the fluid was placed
immediately on a coverslip. Inverted over a depression slide, and examined
under oil Immersion. Photomicrographs were made of each cell type.
Cells of each i^pe were measured with an ocular micrometer, and
their dimensions calculated from twenty of these random measurements.
In order tp study phagocytosis, 1 cc. of India ink was injected by
the use of a hypodermic syringe through the peristomial membrane into
three sections of the coelomic cavity (hemocoel). After definite time
inteirvals, one-half hour to five days, hanging-drop preparations of
coelomic fluid were examined under oil immersion for phagocytic cells.
One per cent solutions of all vital stains were made up with sea
water and allowed to settle. One cubic centimeter of a 1 MOO dilution
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of each was injected orally into isolated animals. Hanging-drop pre¬
parations were made after periods of three to 2? hours, and examined
to determine which cells had been stained.
To accurately follow the sequence of events in clotting, hanging-
drop preparations were made and examined immediately after the fluid
had been removed from the coelomic cavity. The separation of plasma
was done by the use of a refrigerated centrifuge. The temperature was
set at O^C. and the fluid was centrifuged at the rate of 5^00 rpm for
10 minutes.
All the salts used in studying the clotting of the fluid were pre¬
pared in isotonic solutions. The hypertonic salt solution was prepared
by adding 8 cc. of a 2.5 M HaCl solution to 50 cc. of sea water.
CHAPTER 17
EXPERIMENTAL RESULTS
Cell Types
In the coelomio fluid of Catnbarus there were three distinct types
of cells: hyaline lymphoid cells, semi-hyaline cells and cells with
refractlle granules.
1. lymphoid cells (Figs. 1 and 2) constituted from 25-305^ of the
cellular elements, and these cells averaged 8.5 in diameter and
varied in shape. The cytoplasm also varied in amount from cell to cell.
2. Semi-hyaline thlgmocytes (Fig. 3) were on the whole the smallest
cells, and constituted from 50-60^ of the total cells. These cells
varied in size from 4 to 6 ^ in diameter. The cytoplasm contained many
fine granules. These cells were highly thigmotactic. Stained with
Ehrlich's hematoxylin and eosin the cytoplasm appeared bluish in color.
3. Cells with refractile granules (Figs. 4-6) varied in size, with
an average diameter of 14.4 jx. They were by far the largest among the
three types of cells. The granules of these cells varied greatly in
size, from very fine to coarse. In the early stages these cells contained
relatively fine granules and possessed some thigmotactic characteristics.
As the size of tiie granules increased, the thigmotactic characteristics
decreased or disappeared completely. This was possibly due to the
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differences in 'Uie content of t^e granules, hoirever, they did exhibit
true amoeboid activity. In material stained with iron hematoxylin the
nucleus was globular or indented. Except for the area occupied the
nucleus, the cells were usually filled with cons|d.cuous refractile
granules. The granules did not black with osmic acid, and tliey were
negative to Sudan lU, and stained slightly with neutral red. All
granules stained with acid fuchsin gave a red color.
Oil droplets, pigment granules, and colorless granules in addition
to the cells listed above were frequently found in freshly drawn fluid.
Hollow shell-like bodies with one or more vacuoles containing granules
which exhibited Brownian movement were also seen, ^ese were probably
fragments of cells.
Riagocvtosis
One-half hour after injection of Didla ink into the coelomic cavity
small amounts of ink particles were still present in the same cells but
in much larger quantities after five days. These cells seemed to have
been ttie only type containing ink particles.
Reaction to Vital Stains
Three hours after injection of vital stains cellular elements were
examined. Safranin gave negative results. Fuchsin stained the thigmo-
cytes. Msthylene blue stained all cell types. Neutral red stained the
thigmocytes, but not the leucocytes or amoebocytes. At the end of this
period all cells were still viable and appeared normal.
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Action of Potassium and Calcium
Ih an attempt to deteimiine the mechanism of the clotting reaction
of the coelomic fluid, certain salts were added ^ich might influence
the clotting process. The salts used were of the same concentration.
These were potassium chloride and calcium chloride. These salts were
found to noticeably decrease the time required for clotting (Table I).
!nie results indicated that the addition of potassium decreased the time
of clotting much more than did the addition of calcium. 1i^en free
calcium was removed by potassium oxalate or inactivated by sodium citrate,
clotting was greatly inhibited (Table I).
Coagulation
The first indication of clotting of fluid withdrawn from the coe¬
lomic cavity of Cambarus occurred within 25 seconds, and a firm hyaline
gel was observed 95 seconds thereafter. When the fluid was separated
into two phases, the plasma formed a gelatinous mass in 224 seconds,
but no fibrin or fibrin-like material was observed. The formation of
fibrin seemed to be produced from only one type of cell—the thigmopytes
(Figs. 7 and 8). However, all cell types \inderwent cytolysis. The
amoebocytes (Fig. 9) projected fibrin-like material from their cyto¬
plasm, but not as extensively as the thigmopytes. The amoebocytes also
seemed to adhere to one another (Fib. 10) in some cases instead of pro¬
jecting fibrin-like substances. If the fluid was placed in formalin
immediately after being withdrawn, the cells were fixed and there was
no cytolysis of cells and no clotting of fluid.
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Eypertonlc Salt Solution
A hypertonic salt solution accelerated clotting 5^ per cent. The
end-point was reached after 68 seconds as compared with 121 seconds in
the control.
Fig. 1. Photomicrograph of lymphoid cells stained with methylene
blue. Note the relatively large amount of cytoplasm sur¬
rounding the nuclei.
Fig. 2. Photomicrograph of a larger lymphoid cell stained with
methylene blue. Note the relatively small amount of cyto¬
plasm surrounding the nucleus.
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Fig. 3* Hiotomicrograph of thigraocytes obtained from freshly drawn
unstained fluid. Note the small size of these cells and
the abundance in which they occur.
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Fig. 4. Photomicrograph of unstained refractile amoebocytes.
Note the large refractile granules; also note the non-
granular nucleus in the cell lower left.
Fig. 5« Photomicrograph of refractile amoebocjrtes stained with
methylene blue. One finds many thigmocytes also present.
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Fig. 6. Photomicrograph of an unstained refractile araoebocyte
^ose granules are not as large as those previously seen
in Figures 4 and 5* TMs cell is in an earlier stage
of develojHnent.
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Fig. 7* Photomicrograph of fibrin threads in unstained coelomic
fluids. Note the attachment of fibrin to the thigmocyte
cells. Also note the interconnections of these fibrils.
Fig. 8. Photomicrograph of fibrin threads in stained coelomic fluid.
This shows the relation of the thigmocytes to the formation
of the fibrin net.
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Fig. 9, Photcanicrograph of stained amoebooytes showing the exudation
of fibrin-like material from their bodies.
Fig. 10, Photomicrograph of amoebocytes showing cellular agglutination.
Note oytolysis of the cell left of the center cell.
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TABLE I
Effect of Salts on Clotting of Coelomic Fluid of Cambarus
0.53 M
KCL
0.3 M 0.27 M
Na Citrate
0.3 M
K Oxalate
Hypertonic
NaCl*
With
Salt
Con¬
trol
With
Salt
Con-
tro!
With
Salt
Con¬
trol
With
Salt
Con¬
trol
-With
Salt
Con¬
trol
Seconds Required
for Clotting 116 118 119 197 121 261 123 68 121
Percentage
Change in Clotting
Time
-1 +61 +47 -56
* 8 cc, of 2.5 M NaCl to 50 cc. of sea water
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CHAPm T
DISCUSSION
I^vlotts investigators of orastaoean body fltdds have reported the
finding of amoebotqrtes with ooarse refraotile granules in addition to
other types of cellular elements. The number of these types of cellular
elements varied according to different investigators, Geddes (18b0)
found two different kinds of corpuscles in Pagurus. Halliburton (1885)
described pale cells in addition to some containing yellowish-red
granules in the cytoplasm in several decapod crustaceans. Hardy's
(1892) investigations of Astacus detected cells with large refractive
granules in addition to some spherule bearing cells with distinct nuclei.
The latter type were referred to as "explosive corpuscles." George and
Nichols (19^) reported four types for the fresh water crayfish
Cambarus. One type contained granules that were intermediate in size;
the finely granulated thigmocytes and refractile amoebocytes with coarse
granules. They concluded that these were different types of cells which
they classified on the basis of the size of the granules and slight
differences in the absorption of a specific stain. Tait and Gunn (1918)
typed three different kinds of cells from the coelomic fluid of Astacus
fluviatilis. Bookhout and Greenburg (19^) reported six t3rpes of cells
in the Echinoid, Mellita guinquiesperforata.
This investigation indicated that three types of cells are found
in the fresh water crayfish Cambarus. The refractile amoebocytes
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(Figs. 4<-6) appeared to be of the same type based on the size of the
cells, and the manner in iihich they stained. George and Nichols (19^)
mentioned the possibility of these cells ^th small refraetile granules
as being immature stages of the coarsely granulated refraetile amoebo-
cytes. They considered them as a different type of cell.
The ingestion of ink particles found almost exclusively among the
amoebocytes with coarse granules supports the conclusion of previous
workers that these cells were the most active phagocytes of the coelomic
fluid. Hardy (1892) attributed phagocytic activity to the explosive
cells of Astacus. Tait and Gunn (1918) concluded that the ingestion of
India ink particles was a function of finely granular leucocytes. How-
evert these authors subdivided the finely granular cells into explosive
cells and thigmocytes and limited phagocytic activity to the thigmocytes.
The clotting of -Uie coelomic fluid of Cambarus apparently involved
the cellular elements as well as the plasma. Halliburton (1885) gave
very convincing evidence that there was a coagtilation of plasma in
addition to some cells forming a "fibrin-ferment" substance produced hy
what he called "e:}q)loslve cells." Tait and Gunn (1918) reported that
the plasma of Astacus blood underwent two successive coagulations
separated by an interval of time. The first coagulation was due to the
cytolysis of the "thigmocytes." Their evidence for the second coagiilation
was the observed presence of fibrin threads taking origin from the
thigmocytes some minutes after the first coagulation. They stated that
no coagulation followed tixe cytolysis of the amoebocytes which occurred
after the cytolysis of the other cells. The investigator of this report
is in agreement with George and Nichols (19^) on the point of not re-
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cognizing any difference between "explosive cells" and thigmocytes* and
also the present investigator is in complete agreement with these authors
on the conclusions that fibrin-like materials may come from the coarsely
granular amoebocytes, as well as the flzMly granular amoebocytes (Fig.9)*
As has been previously stated, the investigator of this report does not
recognize any difference between the finely granular amoebocytes and the
coarsely granular amoebocytes.
The coelomlc fluid of Cambarus begins to clot almost immediately
upon extravasation and forms a firm gel in 112 to 120 seconds. The
formation of fibrin is accomplished almost completely by the thigmoeytes,
however, there seems to have been some exudation of some filxrin-liks
material by the amoebocytes, but not to a great degree as found in the
thigmoeytes. The amoebooyte cells in certain stages seem to produce an
adhesive substance idiich brings about aggregation or s^glutination.
Bookhout and Greenburg (19^) found Idiat certain salts, such as KCl,
CaCl2 and a hypertonic solution of NaCl decreased the time of clotting,
whereas potassium oxalate and sodium citrate inhibited clotting in
Melllta \ihen the same molar concentrations ware used. The investigator
of this report has been able to confirm most of their fiiulings. The
accelerating or retarding effects were in general the same, although
the length of clotting times involved were different from those reported
by them. The results indicate that the factors involved in clotting are
similar in the two genera.
CHiUPTEa VI
SUMMART AND CONCIXISIONS
1. There are liiree types of cells in the coelomic fluid of
Cambarus. The first type, called lymphoid cells, constitutes from
25-30^ of the cellular elements. These cells are intermediate in
size between the second and third types. Their function seemingly
aids in coagulation. The thigmocytes, or the second type, are the
smallest among the three types and constitute from 50-605^ of the
total number of cells. These cells are characterized containing
many small granules in their cytoplasm and being highly thigmotactic.
The cytoplasm stains blue with Ehrlich's hematozylln and eosin. The
third type, the amoebocytes, are characterized by containing large
refractile granules in their cytoplasm. These cells are highly
phagocytic, and they also aid in clotting.
2. Injection of India ink into the coelomic cavity caused small
amounts of ink to appear in the refractile amoebocytes within one-half
hour. Nhch larger accumulations could be seen five days later.
3« Clotting apparently involves both the cellular elements and
the plasma. Ihe origin of fibrin seems to be a function of the thigmo¬
cytes and the amoebocytes, however, the thigmocytes are mainly involved in
this function. The amoebocytes in certain stages produce an adhesive
substance which causes them to adhere to each other. All types under¬
go cytolysis. Ihe end-point of clotting is reached at an average time
25
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of 120 seconds after the coelonlc fluid is removed from the body.
4, KCL, hypertonic solutions of NaCl, and CaCl2 decrease the
time of clotting.
5* Sodium citrate and potassitim oxalate increase the time of
clotting and formalin retards clotting indefinitely.
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